It has been known since 1920 (Johns & Finks, 1920) that the navy bean is an inferior source of protein for rats. Everson & Heckert (1944) reported that raw navy beans were injurious to rats when given at a 10% protein level. They also reported that autoclaving the beans destroyed the injurious effect. Kakade & Evans (1963a, b) confirmed this report and observed that rats given 10% protein as raw navy beans in an otherwise nutritionally complete diet lost weight and died during the experiment.
Preparation of diet
The percentage composition of the basal diet was: sucrose 30, maize oil 6, Hegsted salt mixture (Hegsted, Mills, Elvehjem & Hart, 1941) ( autoclaved navy beans or vitamin-free casein was incorporated into the basal diet to provide 10% protein (N x 6.25). Maize starch was added to make the total to 100.
Procedure
Protein quality was evaluated with weanling albino rats, 21-24 days old. T h e rats were divided into groups of six animals, each housed in an individual wire-bottom cage and the groups were equalized as nearly as possible with respect to sex and weight. Food and water were supplied ad lib. Rats were weighed weekly and accurate records were kept of food consumption over the 4-week experimental period. Protein efficiency ratio (PER) was calculated as change in body-weight in g/g protein consumed.
Trypsin inhibitor activity was determined by the casein digestion method of Kunitz (1946-7a) and haemagglutinating activity by the method of Liener (1953).
R E S U L T S AND DISCUSSION
The effect of various heating periods on the nutritive value of navy beans as measured by rat growth is given in Table I . Rats fed on raw navy beans as a source of protein lost weight and died within 20-26 days. On the other hand, rats fed on navy beans autoclaved for 5 min gained weight, and there was a considerable increase in total food intake over that of rats fed on raw beans. However, the lower PER values for rats fed on beans autoclaved for longer than 5 min indicate the adverse effect of heat treatment on the nutritive value of navy beans. It is likely that these PER values may have been caused by the destruction or inactivation of essential amino acids in the manner described by Evans & Butts (1949).
The effect of heat treatment on trypsin inhibitor and haemagglutinin activities was investigated (Table 2) because these have been suggested as the growth-inhibiting materials in navy beans (Liener, 1958 
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Nutritive value of navy beans 271 f Trypsin inhibitor unit expressed in terms of tryptic units inhibited, the tryptic unit being defined as the increase of one unit of extinction 1st 280nm/min of digestion under the experimental conditions. All died in 5-10 days to see if there is a 'toxic' factor in raw soya beans. Table 3 shows the effect on the growth of rats of substituting raw navy beans for casein at various levels in a 10% protein diet. The weight gain and total food intake decreased as the level of beans in the diet increased. Rats fed on raw navy beans at a 20% protein level died within 5-10 days from the beginning of the experiment, which is quite consistent with the hypothesis that the effect of a toxic factor would be enhanced at a higher level of intake. Navy beans thus appear to contain a 'toxic' factor(s). Comparison of the amino acid composition of raw or autoclaved navy beans with that of the F A 0 reference pattern (FAO, 1957) shows bean protein to be deficient primarily in methionine. However, as indicated in Table 5 , a comparison with the essential amino acid pattern proposed by Rose (1937) for growing rats and with the amino acid composition of casein shows that navy beans might be deficient in most I965 essential amino acids. The results obtained by supplementing navy beans with amino acids are presented in Table 6 . Supplementation of the raw bean diet with methionine or with all amino acids in which the diet might have been deficient did not overcome the growth depression although mortality was reduced. However, rats fed on the autoclaved bean diet supplemented with methionine alone (group 5 ) or with all amino acids in question grew as well as rats fed on the casein diet. There appears to be no advantage in adding any amino acid other than methionine to the autoclaved bean diet. The results indicate that the FA0 reference pattern provides sufficient amino acids for growth of rats. They also indicate that the growth inhibition of rats fed on raw navy beans does not arise from an amino acid imbalance. 3 0 6 % DL-methionine.
With raw soya beans the beneficial effect of supplementary trypsin on the growth of rats (Borchers & Ackerson, 1951) and chicks (Almquist & Merritt, 1953) can be attributed to trypsin-trypsin-inhibitor complex formation (Kunitz, I 946-7 b) neutralizing the antitryptic activity of the beans. An experiment was therefore conducted to determine whether Frypsin supplementation of navy bean diets would improve their nutritive value for rats. The results obtained are presented in Table 7 and indicate that trypsin supplementation did not overcome the growth depression of rats fed on raw navy beans. Moreover, it was observed that trypsin supplementation was detrimental to rats receiving an autoclaved bean diet, These observations are consistent with those of Brambila, Nesheim & Hill (1961) who reported the detrimental effects of trypsin supplementation on the growth of chicks receiving either raw or heated soyabean meal.
It has been reported (Honavar et al. 1962; Jaff6,1949 ) that soaking beans (Phaseolus vulgaris) before heat treatment is essential for normal growth of rats fed on them. The values in Table 8 , however, show that soaking the beans did not improve their growth-promoting effects. This was true when raw or autoclaved navy beans were used and when methionine was added to the diet. The importance of haemagglutinin as a causative factor in the toxicity of the variety of beans belonging to P. vulgaris has been reviewed by Liener (1962). He stated that 'if a haemagglutinin is responsible for the toxicity of raw kidney beans', as postulated by Honavar et al. (1962) , 'then it must follow that the haemagglutinin can only be destroyed in the raw meal by preliminary soaking followed by autoclaving'. The results presented in Table 8 
SUMMARY
I. Navy beans (Phaseolus vulgaris) were finely ground and heated in the autoclave at IZI' for various lengths of time. The bean flours were offered to rats and analysed for haemagglutinating and trypsin inhibitor activities. Effect on rat growth of progressive replacement of casein with raw or autoclaved ( 5 min) bean proteins, of supplementation of beans with amino acids and trypsin, and of soaking were determined.
